
















































































































Figure 26. Garnet pyroxene gneiss. Light green amphibole (am) occurs along 
fractures and around diallage (di). Inclusions of plagioclase (pi) and diallage 
are present in garnet (ga) . Transmitted light. 

many of the other diallage crystals outside the garnets are partially 
altered to hornblende. Some samples contain only a few percent 
hornblende. Generally the hornblende is 'strongly pleochroic and 
is similar to the hornblende in orthoamphibolite . Refractive 
indices of the plagioclase indicate that it has a composition of 
An42 to An61 (andesine-labradorite). Abundant garnet was ob­
served in every sample. It has an anhedral to subhedral outline. 
abundant fractures , and abundant inclusions. Locally , fractures in 
garnet are filled with a light green amphibole (Fig. 26). In polished 
section approximately 1 percent rutile was observed , while less 
than 2 percent pyrrhotite and only a trace of chalcopyrite are 
present. 

It is inferred that the garnet pyroxene gneiss lenses are meta­
morphosed or partially metamorphosed lenses of olivine gabbro. 
This is based upon the similar nature of the diallage in both units, 
the secondary nature of the garnets , and the gradational contacts 
with orthoamphibolite . It is questionable, however, as to why a 
garnet pyroxene gneiss was formed instead of the typical ortho­
amphibolite during the metamorphism . Part of the answer may be 
concerned with the bulk chemistry of such olivine gabbro lenses. 
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Figure 27. Garnet pyroxene gneiss. Brown amphibole (bam) occurs in 
garnet (ga) . Diallage exhibits pyroxene cleavage. 

It may also be possible that the rock represents xenoliths of a 
pyroxene granulite, formed at depth from eclogite, garnet gran­
ulite , or olivine gabbro and rafted upwards during intrusion of 
the mafic and ultramafic rocks. Ringwood and Green (1969, 
Figs. 1 and 3) show phase transitions from eclogite to garnet 
granulite to gabbro or granulite for any of the major basalt 
types. The similarity of the mineral composition and streaky 
appearance of the rock compared to some granulites would 
support this possible origin. 

ECONOMIC GEOLOGY 

Rutile 

Surficial concentrations of rutile, which formed during wea­
thering and erosion of the host rock, occur in the area underlain 
by the garnet mica schist unit which outcrops in the northeastern 
and southwestern portions of the area. Stratigraphically the depo-
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sits occur beneath the sill . None occurs in the biotite gneiss unit. 
The deposits consist of loose rutile crystals on the surface and in 
the alluvium and soil. 

Specimens of rutile are black to reddish-brown and range in 
diameter from less than 1 mm to 70 mm. They generally consist 
of single crystals which are commonly twinned and whose 
edges are rounded. In polished section a replacement (?) rim of 
ilmenite occurs adjacent to the margin and fractures of the 
crystal (Fig. 28) . Weathering of the ilmenite to anatase and 
subsequent removal may explain the rounding. The dark color of 
the specimens prcmpted an investigation of the tantalum and 
vanadium content. Electron microprobe analysis, however, indi­
cated that none was present. A small percentage of iron replacing 
titanium in rutile may be enough to distort the crystal lattice and 
cause the coloration. 

Ford, Bacon, and Davis (1927) estimate that the Shooting 
Creek deposit, approximately a third of which is located in the 
study area, contains 11 million cubic yards of material which 
could yield 172,000 tons of recoverable concentrate ( 40% Ti02) . 

• 
• 

mm - -~-~ .. ( . . 
Figure 28. Ilmenite (ilm) occurring along the margin and fractures of a 
rutile crystal ( rt). Reflected light. 
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Van Horn (1945) outlined nine rutile zones totaling 618.5 acres in 
the Shooting Creek area and measured the thickness of the rutile 
bearing alluvium. In several zones the alluvium was over 5 feet 
thick. He reports that rutile from zone 4 (Pl. 1) contains 86.64 
percent titanium oxide and 8.58 percent iron oxide. Williams 
(1964, Table 2) shows that Shooting Creek alluvium contains 
0.44 percent Ti02 and 30.5 pounds of heavy mineral concentrate 
including 12 pounds of rutile per cubic yard. He estimated that the 
area contains 68.812 tons of Ti02 with a "total relative value" of 
$4,153,000. At the 1971 price of $185/ton of 96 percent rutile 
(Engineering and Mining Journal, May 1971, p. 114) the value of 
this quantity is $12,730,220. However, a penality might be placed 
on rutile from the Shooting Creek area because of the ilmenite 
present. 

Van Horn (1945, p. 1) states that these deposits are at least 
marginal. Several companies have asked the Tennessee Valley 
Authority about the rutile zones, including the American Smelt­
ering and Refining. Company which leased the mining rights of 
several hundred acres in the early 1950's but later dropped them. 
Recent increased demand for titanium metal may warrant 
re-evaluation of these deposits. 

Van Horn outlined five other zones southwest of Shooting 
Creek. Three of these are within the study area (Pl. 1 ). The other 
two are near Young Harris, Georgia. During the present study 
other rutile occurrences were noted (Pl. 1). After the geological 
mapping was completed, it became apparent that the area strati­
graphically below the sill is the most favorable locality for rutile 
exploration. One rutile crystal was found in mica schist and 
several others in the overlying saprolite. An analysis made by 
L. H. Turner of the Georgia Department of Mines, Mining and 
Geology in 1945 for the T. V. A. indicates that one rutile sample 
from near the North Carolina-Georgia boundary has a composition 
of 82.40 percent Ti02 and 14.87 percent Fe203. Turner was able 
to upgrade a sample of rutile from Young Harris from 64 to 80 
percent Ti02 by leaching with hydrochloric acid (T. V. A. files). 
With the exception of one deposit east of Young Harris the 
concentration of rutile in soil is less than that present at Shooting 
Creek and, therefore, may not be as economically important. It 
should be noted, however, that other rutile deposits, especially in 
the southwestern quarter of the study area, may be obscured by 
thick forest cover. 

Quartzite 

The only quartzite deposit of potential economic significance is 
a steeply dipping lens-shaped body that outcrops on the top of 
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Bell Mountain, about 1 mile east of Hiawassee. The body is 500 
feet wide and 1,600 feet fang. The depth is not known. The color 
range of the rock is snow white to pink to yellow. Hurst and 
Horton (1964) made a comprehensive investigation of the deposit. 
They reported that core drilling and mapping indicate that at 
least 2 million tons or 901,900 cubic yards of silica are present and 
that the actual tonnage may be as much as 2 times higher. They 
suggested that iron oxides resulting from the weathering of finely 
disseminated pyrite caused the pink coloration. Their investigation 
indicates an iron content range of 1.2 to 0.005 percent and an 
alumina range of 0.8 to 0.001 percent. In order to separate the less 
valuable colored varieties from the white, Hurst devised a photo­
electrical-mechanical device for their separation after crushing; 
however, the company mining the property at the time did not 
utilize the device. Mining operations ceased two years later. 
Hurst (1971, personal communication) suggests that the white as 
well as the pink grades of quartzite have potential as cast stone. 

Several major problems for mining operations exist. The nearest 
railroad is at Murphy, North Carolina, 25 miles away. A major 
highway occurs only 2 miles from the deposit; however, the last 
mile of the dirt road leading to the deposit has a very steep gradi­
ent. Another problem is that the closest water supply is approxi­
mately 1,200 feet down the mountain. 

Sillimanite 

Most of the sillimanite in the area occurs in a thin zone south­
west of Hayesville, North Carolina (Pl. 1). Hash and Van Horn 
(1951) investigated the zone but found only a small percentage of 
sillimanite present. They (p. 25) report that the zone does not con­
tain a sufficient quantity to be of important commercial value. 

Kyanite 

Several tons of pebble and cobble float of a kyanite-garnet rock 
containing about 60 percent coarse-bladed blue kyanite occur on 
the southwestern shore of the Jackrabbit Mountain Campground. 
The apparent low tonnage and adjacent recreation facilities prob­
ably negate any commercial possibilities. 

Corundum 

In the latter part of the nineteenth century several corundum 
mines were opened for abrasive and gem quality corundum at 
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several ultramafic localities in northern Georgia and western North 
Carolina. The mines produced corundum until the introduction of 
artificial abrasives in the early part of the twentieth century. Only 
a small quantity of the corundum mined was of gem quality. At 
the present time no mines are in operation. 

In the study area, most of the old mines and prospects have 
been covered by Lake Chatuge or filled by land owners. The three 
major mines are partially preserved and are shown on Plate 1. 
The Hog Creek Corundum Mine, located 0.5 mile west of the 
Union Hill Church (Pl. 1) on the property of Ed Birch was investi­
gated by King (1894, p. 88-89) and the U. S. Bureau of Mines 
(Ballard, 1946). The mine consists of a vertical shaft about 45 
feet deep and a trench 190 feet long. The lithologies present at 
the mine are weathered chloritized troctolite and hornblende­
clinozoisite-plagioclase-corundum veins. Corundum occurs locally 
in both units. The amount of production from the mine is not 
known. 

The Bell Creek Corundum Mine, located 1,000 feet west of the 
Lower Bell Creek Church, was also investigated by King (1894, 
p. 87) and the U. S. Bureau of Mines (Ballard, 1943). The mine 
consisted of a shaft, several pits, and a trench. The geology of the 
mine site can only be inferred from the mine dump because the 
mine was blasted full by an "irascible prospector" before King 
visited the property (King, 1894, p. 87). The mine dumps consist 
of chloritized troctolite and aggregates of coarse crystalline horn­
blende, plagioclase, clinozoisite, and corundum. An outcrop of 
chloritized troctolite (chlorite schist) occurs near the collar of the 
mine. The quantity and value of corundum produced from the 
property is not known. 

The Behr Corundum Mine, located 0.7 mile N55E of the Elf 
schoolhouse at the edge of Lake Chatuge, was investigated by 
Pratt and Lewis (1905, p. 36, 37, 240). Corundum at this locality 
occurs as disseminated pink and tan crystals in a grass green 

_ edenite amphibolite unit. This is similar to a mode of occurrence 
at Buck Creek located 8 miles to the northeast. A description of 
the original workings is not available; however, two shafts are visi­
ble at the present time. The workings were extensive enough to 
warrant the construction of a steam cleaning plant; however, only 
two carloads of corundum were produced during the 10 years that 
the mine was in operation. The mine was closed in 1890 because 
of flooding problems. At the present time the mine is visible only 
when the water level of the lake is low. 

Future profitable mining of corundum from the area is consi­
dered doubtful in part because of the apparent lack of reserves. 
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Nowhere in the area is corundum as abundant in outcrop as at 
Buck Creek, which is not being mined. 

Asbestos 

During the last century a few mining attempts and investiga­
tions were made of the asbestos occurrences associated with dunite 
in the Lake Chatuge area. Commonly early reports do not differ­
entiate the varieties of asbestos present; however, it appears that 
most is the anthophyllite variety although some chrysotile also 
occurs. Hopkins (1914) investigated the asbestos occurrences in 
Towns County, but noted that there was little or no commerical 
promise for each deposit due to the small quantities present. 
Kellberg (1943, p. 6) reported that about 15 tons of asbestos were 
mined in 1941 from a locality west of Elf in Clay County before it 
was flooded during the development of Chatuge Reservoir. 
Kellberg (Pl. 1) also shows an abandoned asbestos mine near the 
lake shore on the northeastern slopes of Jackrabbit Mountain. 
Production from this mine is not known. During this study only a 
very small amount of asbestos was found as surface float and in 
small veins in dunite. Thus, it is probable that the commerical 
possibility of asbestos production in the area is not good. 

DISCUSSION 

Speculation on the Geology of Adjacent Areas 

The Lake Chatuge sill is continuous outside the study area. The 
western limb probably underlies part of the large valley at Young 
Harris, Georgia. The rutile deposits located to the east and south 
of Young Harris, reported by Van Horn (1945), are probably loca­
ted to the east of the sill within the garnet mica schist unit. The 
chromite occurrence in dunite 2% miles southwest of Hiawassee 
reported by Hopkins (1914, p. 48) is probably part of the eastern 
limb of the sill. Northward, Keith's Nantahala Folio (1907) shows 
an amphibolite band almost continuous to the Buck Creek dunite 
body which is located 8 miles from the northeast corner of the 
study area and 16 miles from Young Harris. This indicates that the 
sill may be extensive and that the major anticlinal structtire has a 
several mile elongation. 

In addition, other intrusions in western North Carolina and 
northern Georgia may be similar to the Lake Chatuge sill. Hunter 
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(1941) shows geologic maps of 13· of the largest ultramafic 
intrusions in that area. Eleven of the maps show hornblende 
gneisses nearby. These may be similar to the Lake Chatuge 
orthoamphibolite. Also, many dunite bodies in the belt have 
similar olivine compositions (approximately Foss-92). The 
amount of alteration products varies for each intrusion; however, 
this may be explained by localized conditions. For example, such 
rocks intruded into higher levels may have been emplaced into 
sediments of Ocoee age which may have supplied abundant water 
for subsequent alteration and metamorphism (Carpenter, 1971, 
personal communication). 

Origin of the Lake Chatuge Sill 

Based on the various types of evidence previously described, 
certain conclusions regarding the origin of the Lake Chatuge sill are 
warranted. The low Sr87 /Sr86 ratios of the mafic rocks suggest a 
direct relationship with the earth's mantle which is probably 
ultramafic in composition as suggested by Green and Ringwood 
(1967). Because of the isolated Si04 structure of olivine, it has 
been proposed that dunites may be injected in the solid state 
(Bowen and Tuttle, 1949, p. 455). Also it is poss~ble that serpen­
tine can flow under high pressure. However, it is not probable that 
solid blocks of olivine gabbro and troctolite were squeezed up 
from the mantle; therefore, it is likely that a magma existed. The 
very low Sr87jSr86 ratio (0.7023) of one olivine sample (475b) 
from dunite indicates that it also had a direct relationship with the 
mantle; however, the nature of the relationship between the mafic 
magma and olivine in the mantle cannot be definitely established 
from isotopic evidence. 

The injection of the magma, and perhaps even the initial 
differentiation of the magma in the mantle, may have been 
triggered by the early stages of mid-Paleozoic metamorphism. 
Carpenter (1970) notes a correlation between the Blue Ridge 
ultramafic belt and the thermal axis of the mid-Paleozoic meta- _ 
morphism. He suggests that the generation of such magmas in the 
mantle represented a phase of the same thermal event that subse­
quently affected the regional metamorphism in the crust. 

The well-ordered concentric zoning of the sill suggests that 
Bhattacharji's (1967) model for magmatic flowage may be 
applicable. This approach is similar to that used by Simkin 
(1967) to explain the origin of picrite sills at Skye, Scotland. 
Accordingly, olivine settled out of the magmas as crystal cumu­
lates in a magma pipe after injection into the crust. The resulting 
olivine crystal mush is the same as Bowen's early concept. 
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Continued movement of the magma after the settling of olivine 
crystals may tend to concentrate the olivine mush in the center of 
the pipe. Simkin (1967, p. 68) describes that in simple axial 
migration " .... particles move toward an equilibrium position at the 
tube axis during flow". In the next step of the model a flowing 
mixture of olivine mush surrounded by magma intrudes higher 
into the crust. The mass then spreads out forming the sill and 
retaining the olivine mush core. Bhattacharji (1967, ·p. 70) notes 
that gravity settling of the mush only becomes significant below 
certain flow rates and " ..... chilling of the lower margin and 
increased crystallization, which produce an increase in the viscosity 
of the magma, tend to hinder crystal settling close to the margin". 
It is possible, however, that locally part of such a magma may be 
squeezed away leaving dunite adjacent to the country rock. This 
relationship was noticed in some localities in the study area. 

The occurrence of an orthoamphibolite margin around the sill 
with a well-developed foliation parallel to that of the country rock 
indicates that a high grade metamorphic event or the peak of such 
an event occurred after emplacement. The high grade metamor­
phism may have obliterated the texture of any contact metamor­
phism formed during emplacement. If emplacement occurred 
during the early stages of regional metamorphism, the country 
rocks would have been warm. In such a situation a high thermal 
gradient may not have existed between the magma and country 
rocks, thereby reducing contact metamorphic effects. 

Other types of alteration, including serpentinization and chlori­
tization, may have occurred at a later time. Strontium isotype 
evidence, presented previously, indicates that serpentinization of 
the ultramafic units was probably post-metamorphic. 

It has been proposed by several investigators that the Blue 
Ridge in the study area is an allochthonous block that has been 
tectonically transported no less than 40 miles to the northwest. 
Carpenter (1970, p. 760) notes that metamorphic isograd relation­
ships at windows in the Blue Ridge indicate that the thrust 
faulting occurred after the mid-Paleozoic metamorphism, pro­
bably near the end of the Paleozoic Era. Thus the connections 
between the ultramafic bodies in the Blue Ridge and the mantle, 
such as pipes or dikes, have been severed. Erosion of the over­
lying rocks has since exposed the sill. 

SUMMARY 

Lake Chatuge is located in the Blue Ridge province on the 
Georgia-North Carolina boundary. Appalachian type ultramafic 
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rocks occur as discontinuous outcrops across the area which covers 
about 40 square miles. 

The country rocks are predominantly schists and gneisses which 
are probably sedimentary in origin. The rocks have been intensely 
metamorphosed during both the Grenville and mid-Paleozoic 
events. The occurrence of sillimanite schist within the area 
indicates that the mid-Paleozoic metamorphism was locally at the 
sillimanite grade. The rocks are folded in a complex manner. 
Large structures, which may be en echelon folds, appear on the 
geologic map of the area as two opposing plunging anticlines 
outlining an anticlinal saddle. Minor folds of several magnitudes 
are common. The fold trends are commonly northeastwards and 
commonly dip very steeply to the southeast. The main joint sets 
are composed of ac and be joints. 

The ultramafic and related rocks occur as a tabular unit between 
a garnet mica schist unit and a biotite gneiss unit, and are, 
therefore, considered to comprise a sill. The sill is generally con­
centrically zoned, with partially serpentinized dunite of composi­
tion Fo90+2 occuring at its center. Coronite troctolite locally 
surrounds dunite and occurs as lenses within it. Both gradational 
and sharp contacts are present. Rhythmically banded coronite 
troctolite, perhaps formed by flow banding, is locally present. 
Olivine gabbro, consisting mainly of diallage and bytownite, 
locally surrounds the troctolite and dunite units. In places 
chlorite, serpentine, amphibole, and other alteration products are 
present. 

Strontium isotope evidence indicates that the ultramafic and 
mafic rocks were derived from the mantle. The Sr87 /Sr86 ratios 
for these rocks are similar to the values reported for basalts but 
are lower than those reported for most other alpine intrusions. 

Coronas, composed of an orthopyroxene rim and an adjacent 
amphibole-spinel rim, occur between the olivine and plagioclase in 
coronite troctolite and olivine gabbro. Similar reaction rims occur 
as layers in rhythmically banded coronite troctolite. The invari­
able occurrence of the reaction rims as layers separating the two 
minerals suggests that the rims were formed after the layering of 
olivine and plagioclase, perhaps in the final stages of crystallization 
of the sill. Furthermore, the replacement of some of the coronas 
by amphibole, interpreted to be mid-Paleozoic, indicates that they 
were formed prior to the mid-Paleozoic metamorphism. 

As the margin of the sill is approached the olivine gabbro 
and troctolite are gradational into amphibolite. On the geologic 
map of the area the amphibolite appears to envelope the mafic and 
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ultramafic rocks. Evidence that the amphibolite is orthoamphi­
bolite includes gradational contacts, relict textures, and low 
Sr87 /Sr86 ratios. Stages of the transformation from olivine gabbro 
and troctolite to amphibolite are observable in thin sections of 
samples collected across gradational contacts. 

Several small rock units, including garnet pyroxene gneiss, 
wehrlite, and diallage-bytownite veins, occur within the sill. The 
garnet pyroxene gneiss occurs locally as small lenses and is 
commonly gradational into orthoamphibolite. Wehrlite is present 
in a few localities. Diallage-bytownite veins cut the center of the 
sill and show a progressive alteration into an assemblage of horn­
blende, andesine, clinozoisite, and corundum as the margin of the 
sill is approached. 

It is inferred that the sill was emplaced in the early stages of the 
mid-Paleozoic metamorphism as olivine crystal mush transported 
by a gabbroic magma. Magmatic flowage differentiation may ex­
plain the concentric zoning of the sill. A contact metamorphic 
zone was not observed around the sill; however, the peak of the 
mid-Paleozoic metamorphism may have obliterated any contact 
metamorphic effects formed during intrusion. It is probable that 
only enough water from the country rocks was available to hydrate 
(amphibolitize) the margin of the sill during the mid-Paleozoic 
metamorphism because the country rocks had been previously 
depleted of water during the Grenville event. In addition, any 
crystal zoning of olivine crystals may have been destroyed during 
this "dry" mid-Paleozoic metamorphism. Similar rock types 
occurring several miles to the northeast and southwest may be 
part of the sill. In addition, other alpine-type intrusions in 
western North Carolina may have a similar origin. 

The area contains several abandoned corundum and asbestos 
mines. The economic potential of these minerals within the area 
is not very good. However, the economic potential of locally 
occurring deposits of rutile and one quartzite deposit may be at 
least marginal. 
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